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(57) A soft transparent potyolefin resin sheet ac- 
cording to the present invention is characterized by in- 
cluding the following properties (a) to (c); (a) an elastic 
modulus in tension ranges from 20 MPa to 1 ,000 MPa; 
(b) an average length of a foreign substance that has a 
different refractive index from a non-crystalline resin 
composition occupying the most volume fraction is less 
than 10 |im, and the number of foreign substances in 
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any section of the sheet is less than 500 foreign sub- 
stances/mm^; and (c) a surface-roughness Ra of at 
least one of faces of the sheet is less than 0.2 jim. The 
soft transparent polyolefin resin sheet according to the 
present invention may have a multi layered structure, In 
which at least one of outer faces of the multi layered 
structures can be made of a hard polypropylene type 
resin. 
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Description 

BACKGROUND OF THE iNVENTION 
S 1. RELD OF THE INVENTION 

This invention relates to a soft transparent polyolefin resin sheet and a method for producing the same. The fab- 
ricated sheet is used for packaging food, medicines, clothing and so on. Moreover, it can be used for a carrying case, 
stationery (e.g., a cotorful pen case, a case with a fastener), a decorative sheet (used for, e.g., building materials! 
10 furniture), a greenhouse cover for agriculture, a case for eyewash, a case for CD-ROM, and so on. 

2. DESCRIPTION OF THE RELATED ART 
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A polyvinyl chloride sheet has been generally used as a resin sheet (or film) having flexibility and heat resistance 
and outstanding in strength. The polyvinyl chloride (PVC) sheet, however, is given due consideration to the environment 
so that a monomer or a plasticizing agent having poisonousness is bled out during use, or hydrogen chloride or dioxine 
having poisonousness is produced in an incinerating process. 

For the environment, the use of, for example, a polyethylene type or a polypropylene type sheet or film is proposed. 
Instances of the polypropylene type sheet or film are shown with, for example, a polypropylene type film using a 
low-stereoregular polypropylene as the basis (Japanese Patent Laid^en No. Hel7-171849), and a laminated poly- 
propylene type film of a polypropylene layer, a polypropylene-ethylene-butene-l copolymer layer and a polypropylene 
layer (Japanese Patent l_aidopen No. Hei6-218892). 

The polyethylene type sheet has tower transparency, a shine and heat resistance and less body than the polyvinyl 
chloride sheet. 

The polypropylene type sheet is superior to PVC as to the tow-temperature heat^ealability and the brittle temper- 
ature, is virtually parallel with PVC as to mechanical properties such as rigidity and strength, and is infertor to PVC as 
to a shine and transparency such as gloss and haze. 

A sheet made of polyolefin type resin has environmental friendliness as compared with the polyvinyl chtoride sheet, 
but, on the other hand, it has the difficulty of fusing or fusion cut by means of high-frequency heating for reasons of a 
30 small dissipation loss. 

The disadvantages in the high-frequency heating can be somewhat rectified by a resin sheet that is fabricated by 
mixing a polyolefin type resin and an ethylene-vinyl acetate copolymer resin, however, the sheet that is obtained through 
a conventtonal touch roll sheet forming method using a cooling roller is inferior in transparency 

35 SUMMARY OF THE INVENTION 

A soft transparent polyolefin resin sheet according to the first invention of the present inventions is characterized 
by including the following properties (a) to (c). 

(a) An elastic modulus in tension ranges from 20 MPa to 1,000 MPa. 

40 When the elastic modulus in tension is snnaller than 20 MPa, the sheet has a tow degree of body, resulting in the 

sheet of little value as a matter of practicality. When the elastic modulus in tension is lager than 1 ,000 MPa, the sheet 
is harder and the handling qualities is inferior, so that the sheet is inapplicabte to the use required. The prefer elastic 
modulus in tension ranges from 50 MPa to 800 MPa. 

(b) An average length of a foreign substance that has a different refractive index from a non-crystalline resin 
composition occupying the most volume fraction is less than 10 pm, and the number of foreign substances in any 
sectton of the sheet is less than 500 foreign substances/mm^. 

A principal factor in loss of transparency in the sheet is the a scattering of incident light caused by the foreign 
substances. When the average length of the foreign substance is less than 1 0 ^im and the number of foreign substances 
in any section of the face of the sheet is less than 500 foreign^bstanc^^ caused by the ~ 

foreign substances can be decreased by a large amount, thereby avoiding the decrease of the transparency of the 
sheet. 

The direction of the section of the face can be selectively determined, for example, a vertical section or a horizontal 
section with respect to the front face or the back face of the sheet. 

The average length is a mean value of the longest and shortest selected sections of the foreign substance, for 
55 example, as in the diameter of a sphere. 

The reality of the foreign substance is, for example, a crystalline phase included in the same resin as the afore- 
mentioned non-crystalline resin phase, a resin differing from the aforementioned non-crystalline resin phase, and an 
organic material or an inorganic material (such as calcium carbonate, talc) excepting the resin. 
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The length and the number of foreign substances can be inspected by the following means. 

Where the foreign substance is a transparent body having a different refractive index from that of a matrix resin, 
the foreign substance can be inspected with a phase-contrast microscope through which contrast can be obtained. 
Additionally, the size can be measured by an smallnangle light-scattering method. 

Where the foreign substance is the crystalline phase, the foreign substance can be inspected with a polarizing 
microscope for reasons of optical anisotropy in a coherent configuration of a molecular chain in general. 

Where the foreign substance has a molecular structure completely differing from that of a matrix resin, the foreign 
substance may be inspected with a scanning electron microscope or a transmission electron microscope. 

(c) A surface-roughness Ra of at least one of faces of the sheet is less than 0.2 pm. 

Another principal factor in loss of transparency in the sheet is reflections of the incident light by the surface of the 
sheet as well as the scattering of light caused by the foreign substance. More specifically, the proportion that the light 
reflects is increased by relationship with an angle of incident light when the sheet has asperities on the surface, thereby 
producing the irregular reflection. The asperities on the surface have a profound effect on the shine. When the surface- 
roughness is expressed as an average roughness at the center line Ra in quantity, the surface-roughness is defined 
to be less than 0.2 urn, thereby avoiding the irregular reflection or the decrease of shine. The preferable surface- 
roughness is less than 0.1 |im, more preferably, less than 0.05 [im. 

The surface-roughness can be nrvoderated by a method, such as a polish, coating or scribing of the surface of the 
sheet. 

Incidentally, the sheet of the present invention can be a film that is relatively thinner 

The soft transparent polyolefin resin sheet according to the present invention may be have a multilayered structure, 
in which at least one of outer faces of the multilayered structure is made of a hard polypropylene type resin. 

In the soft transparent polyolefin resin sheet having the multilayered structure, the preferably containing proportion 
of a soft transparent polyolefin resin is nnore than 10 wt%. The multilayered structure is formed by, for example, co- 
extruding. 

The outer face is made of a hard polypropylene type resin in order to increase the hardness and to increase a 
mar-proof property. In addition, the objectives are to improve chemical resistance and transferability as in cart)on- 
copies. printing or the like, and to avoid bleed-out of a soft resin component as a middle layer. 

I n the soft transparent polyolefin resin sheet, it is desirable that the soft transparent polyolefin resin sheet is formed 
by a low-stereoregular polypropylene type resin having a ratio of mmmm (a value of PI) ranging from 50 % to 90 % in 
a pentad ratio measured by using i^C-NMR with respect to stereoregularity of home-polypropylene. 

The aforementioned mmmm (0000) or (1111) is an isotactic pentad, "m" shows an isotactic yard, "0", "V show a 
configuration of an individual monomeric unit along a polymer chain, "O" shows any one of configurations, and "1" 
shows the opposite configuration. 

The value of PI (Pentad Isotacticity) is an isotactic ratio in a pentad unit in a polypropylene molecular chain. A 
measuring method of the isotactic ratb is reported in "Macromolecules 6925" (1973). 

When the value of PI is less than 50 %, the heat resistance and the strength are decreased. When it exceeds 90 
%, the resin is harder, thereby rendering it unfit for the intended use as the soft sheet. 

The low-stereoregular polypropylene type resin relating to the present invention is produced by the single step 
gas phase polymerization or the single slurry polymerization (Japanese Patent Laid-open No. Hei3-14851 , Japanese 
Patent Laidopen No. Hei6-263934). 

It is advisable that the value of rrrr/(1-mmmm) of the low-stereoregular polypropylene type resin ranges from 15 
% to 50 %. 

The rrrr is the state of syndiotacticity. The rrrr/(1-mmmm) of less than 15 % renders the resin harder and unfit for 
the intended use as the soft sheet. The rrrr/(1 -mmmm) of more than 50 % causes the heat resistance and the strength 
to decrease. 

It is advisable that the low-stereoregular polypropylene type resin consists of a boiled heptane insoluble polypro- 
pylene type resin (from 50 wt% to 95 wt%) having the limiting viscosity ranging from [t]]0.5 dl/g to [ti]9.0 dl/g, and a 
boiled heptane soluble polypropylene type resin (from 5 wt% to 50 wt%) having the limiting viscosity of more than [tiI 
lT2dl/g. 

When [Ti] of a boiled heptane insoluble polypropylene type resin is less than 0.5 dl/g, the chip resistance is extremely 
decreased, additionally when it exceeds 9.0 dl/g, the smooth forming process is impossible. 

When h] of a boiled heptane soluble polypropylene type resin is less than 1.2 dl/g, the breaking stress is lower 
and the rubber elasticity may be inferior 

The aforementioned limiting viscosity is a value that is mieasured in a decalin solution of 135 °C. 

It is advisable that the soft transparent polyolefin resin sheet is formed by an ethylene-propylene random copolymer 
(ethylene content ranging from 5 wt% to 30 wt%). 

It is desirable that the proportion of ethylene-propylene random copolymer that a unit PPEP composed of continued 
four elements of ethylene (E) and propylene (P) has a racemic configuration for a continued part of PP is extremely 
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small. 

The preferably specific proportion is less than 1 %. Thereby Improving the flexibility the tensile strength, the heat 
resistance and the processability. 

The measurement of the proportion can be carried out by, for example, the method refen^ed in page 2208 of the 
29th volume of "POLYMER" (1988) and page 138 of the 29th volume of "POLYMER" (1988). 

It is desirable that the soft transparent polyolefin resin sheet is formed by a non-crystalline butene-1 -propylene 
copolymer. 

It Is desirable that the soft transparent polyolefin resin sheet Is formed by a compound of a non-crystalline butene- 
1 -propylene copolymer and polypropylene. 

It is desirable that the soft transparent polyolefin resin sheet is formed by a propy lene-ethylene-butene-1 copolymer 

It Is desirable that the soft transparent polyolefin resin sheet is formed by a compound of a propylene-ethylene- 
butene-1 copolymer and polypropylene. 

It is desirable that the soft transparent polyolefin resin sheet contains a reactor blending type ethylene-propylene 
copolymer elastomer 

It is desirable that the soft transparent polyolefin resin sheet contains a reactor blending type ethylene-propylene- 
butene-1 copolymer 

It is desirable that the soft transparent polyolefin resin sheet is formed by at least one selected from an ethylene 
monopolymer and an ethylene-a-olefin copolymer 

It is advisable that the ethylene monopolymer is at least one selected from a high-pressure-produced low-density 
polyethylene and a low-pressure-produced low-density polyethylene. 

It is advisable that the ethylene-a-olefin copolymer is at least one selected from a Ziegler-Natta catalyst type linear 
low-density polyethylene, a metallocene catalyst type linear low-density polyethylene, and an ethylene-octane copol- 
ymer having long branching in a main chain polymerized by using C. G. C. T (Constrained Geometry Capatlyst Tech- 
nology). 

It is advisable that the outer face of the soft transparent polyolefin resin sheet having the muttilayered stmcture Is 
resin selected from honDo-polypropylene, an ethylene-propylene random copolymer (ethylene content ranging from 
0.1 wt% to 10 wt%). and an ethylene-butene-propylene random copolymer (ethylene and butene content ranging from 
0.1 wt%to 10wt%). 

A soft transparent polyolefin resin sheet according to the second invention of the present invention is characterized 
by including a soft polypropylene type resin. 

"Soft" is defined as the elastic modulus in tension of the sheet is less than 1 ,000 MPa, The preferable value is less 
than 800 MPa, more preferably, less than 600 MPa. 

The specific examples of the soft polypropylene type resin includes an ethylene propylene copolymer resin, an 
ethylene-propylene-diene copolymer resin, a propy lene-hexene copolymer resin (Japanese Patent Laid-open No. 
Sho49-53983), an elastic polypropylene (Japanese Patent Laid-open No. Sho61 -179247), an atactic polypropylene 
(Japanese Patent Laid-open No. Sho63-243106), a soft polypropylene of low-stereoregularity (Japanese Patent Laid- 
open No. Hei3-14851, Japanese Patent Laid-open No Hei6-263934) and so on 

A layer structure of the soft transparent polyolefin resin sheet is discretionary, in which, for example, a single layer 
structure or a multilayered structure by co-extrusion can be applied. 

The sheet of the invention includes a film that is relatively thinner 

According to the soft transparent polyolefin resin sheet of the present invention, polyvinyl chloride is not included, 
so that a noxious-gas is not produced and the environment is safeguarded. The soft polypropylene type resin is used, 
so that the optical qualities, such as transparency haze and gloss, are enhanced and the heat resistance, the me- 
chanical strength, and the degree of body are sufficient. 

In the soft transparent polyolefin resin sheet relating to the second invention, it is advisable that the soft transparent 
polyolefin resin sheet is compounded with a hydrogenated styrene-butadiene rubber of a range from 2 wl% to 30 wt%. 

When the compounded amount of the hydrogenated SBR is less than 2 wt%. the effects of the transformation 
(flexibilization) are vain. When it exceeds 30 wt%. the appearance is inferior by reason of stickiness. In addition, a 
neck-in is larger in a forming processrso that a stable extrusion is impossiblerThe nnore preferable compounded 
amount ranges from 5 wt% to 20 wt%. 

It is desirable that the soft transparent polyolefin resin sheet is compounded with an ethylene-aolefin copolymer 
of a range from 2 wt% to 30 wt%. 

As the aolefin, for example, olefin in which the number of cart>ons is from 3 to 8 can be used. 

When the compounded amount of the ethylene-otolefin copolymer is less than 2 wt%, the effects of the transfor- 
mation (flexibilization) are decreased. When it exceeds 30 wt%, the appearance is inferior by reason of stickiness. In 
addition, a neck-in is larger in a forming process, so that a stable extrusion is impossible. The more preferable com- 
pounded amount ranges from 5 wt% to 20 wt%. 

It is desirable that the soft transparent polyolefin resin sheet relating to the second invention is compounded with 
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an ethylene-octane copolymer of a range from 2 wl% to 30 wt%. 

When the compounded amount of the ethylene-octane copolymer is less than 2 wl%, the effects of the transfor- 
mation (flexibilization) are decreased. When rt exceeds 30 wt%, the appearance is inferior by reason of stickiness. In 
addition, a neck-in is larger in a forming process, so that a stable extrusion is impossible. TTie more preferable com- 
s pounded amount ranges from 5 wt% to 20 wt%. 

A soft transparent polyolefin resin sheet according to the third invention of the present invention is characterized 
by including a polypropylene type thermoplastic elastomer; and an ethylene-vinyl acetate copolymer resin. 

The specific examples of the polypropylene type thermoplastk; elastomer includes an ethylene propylene copol- 
ymer resin, an ethylene-propylene-diene copolymer resin, a propylene-hexene copolymer resin (Japanese Patent Laid- 
10 open No. Sho49-53983), an elastic polypropylene (Japanese Patent Laidopen No. Sho61 -179247). an atactic poly- 
propylene (Japanese Patent Laid-open No. Sbo63-243106). a soft polypropylene (Japanese Patent Laid-open No. 
Hei3-1 4851 , Japanese Patent Laid-open No. Hei6-263934) and so on. 

The vinyl acetate content in the ethylene-vinyl acetate copolymer resin nornnally ranges from 10 wt% to 26 wt%, 
preferably, from 20 to 26 wl%. 

'5 According to the resin sheet of the invention, polyvinyl chloride is not included, so that a noxious-gas is not produced 

and the environment is safeguarded. Since the ethylene^^inyl acetate copolymer resin is included, a dissipation toss 
is larger, thereby improving the high-frequency heating property. 

In the soft transparent polyolefin resin sheet in the third invention, it is desirable that the content of the ethylene- 
vinyl acetate copolymer resin ranges from 5 wt% to 30 wl%. 

^ When the content of the ethylene-vinyl acetate copolymer resin is less than 5 wl%, there is no the improved effects 

of the high-frequency property, and when it exceeds 30 wt%. the transparency is inhibited. The preferable content 
ranges from 20 wt% to 30 wt%. 

The soft transparent polyolefin resin sheet according to from the first invention to the third invention can be added 
with an anti-oxidizing agent, an anti-blocking agent, a sliding agent, a nucleating agent, an antistat, an ultraviolet ab- 

2S sorptk)n agent, a weathering agent, an anti-fungus agent, a petroleum resin and so on within the range in which the 
properties are not inhibited. 

The fourth invention of the present invention is a method for producing a soft transparent polyolefin resin sheet, 
in which uses a producing apparatus having a cooling roller, a metallic endless member abutting through the resin 
sheet to the cooling roller, and an elastic member placed under a face of the metallic endless member at a place where 

30 the resin sheet cooled after the resin sheet is gukled between the cooling roller and the metallic endless member, and 
it is characterized by including the steps of: guiding the soft transparent polyolefin resin sheet according to any one of 
the first, second and third inventions in the molten state between the cooling roller and the metallic endless member 
so that the resin sheet simultaneously touches both the cooling roller and the endless member in contact with the 
cooling roller; and areally pressuring and cooling the soft transparent polyolefin resin sheet while the elastic member 

35 is being elastically deformed. 

Here, the resin sheet in the molten state is. for example, a resin sheet just after which being extruded from a die 
of an extruder. 

As the materials of the elastb member, a fluorine type rubber, a silicone type rubber, EPDM and so on can be 
used- The preferable thickness of the elastic member is more than 3 mm in order to obtain a sufficient areal pressure 
40 through the elastic deformation. 

Preferably, each surface of the metallic endless member and the roller on which the resin sheet is touched is a 
mirror face, in which, for example, the surface-roughness is less than 0.5 S. 

As the materials of the endless member, stainless steel, cart>on steel, titanium alloy and so on can be used. The 
thickness of the endless member is discretionary, but the preferable thickness is more than 0.3 mm from the viewpoint 
45 of the strength. 

In the invention, the resin sheet is areally pressured and cooled as the elastic member becomes elastically de- 
formed, so that the efficiency of the cooling and the minor transfer is enhanced. 

The resin sheet is guided between the cooling roller and the metallic endless member to touch both the cooling 
roller and the metallic endless member in contact with the cooling roller, at approxiff^^ 
50 pressuring process and the cooling process for the resin sheet are concurrently carried out, thereby improving the 
transparency of the resin sheet. If the resin sheet is touched with the metallic endless member or the cooling roller, 
one earlier than the other, the resin sheet must be cooled and solidified before the mirror face is transferred onto both 
faces of the sheet. 

In the producing method of the present, it is advisable that the metallic endless member is wound on at least two 
55 rollers; and the elastic member is formed on the outer circumferential surface of the cooling roller of the rollers wound 
with the metallic endless member. 

In other words, the metallic endless member is a metallic endless belt wound on at least two rollers. 

Inside of the metallic endless belt, a cooling roller or a roller for controlling tension can be provided as a roller 
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besides the aforementioned two rollers. 

In the producing method, one of the metallic endless member may be wound on the cooling rollers to run with the 
other metaTlIc endless member in parallel, in which the soft transparent polyolefin resin sheet according to any one of 
the first, second and third inventions is guided In the molten state between the metallic endless members so that the 
resin sheet simultaneously touches both the endless members, and the soft transparent polyolefin resin sheet is areally 
pressured and cooled while the elastic member is being elasticalty deformed. 

Videlicet, in the invention, the soft transparent polyolefin resin sheet is cooled by being sandwiched between the 
two metallic endless members. 

In the producing method according to the present invention, the elastic member can formed on the outer circum- 
ferential surface of the roller, and the metallic endless member may cylindrically formed on the outer circumferential 
surface of the elastic member. 

Videlicet, in the invention, the metallic endless member is formed as the outer layer of the roller. 
It is advisable that the temperature of the cooling roller and the metallic endless member in direct contact with the 
resin sheet ranges from the dew point to 50 "C. 

When the temperature of the roller and the metallk; endless member which are for cooling the resin sheet is lower 
than the dew point, droplet spots are produced on the sheet. Alternatively, when it exceeds 50 °C, the sufficient trans- 
parency cannot be obtained. Therefore, the preferable temperature is less than 30 "C. 

It is desirable that the areal pressure when the resin sheet is areally pressured with the elastically defonned elastic 
member ranges 0. 1 MPa to 20.0 MPa 

The areal pressure of lower than 0.1 MPa causes the efficiency of the mirror transfer and the cooling to be de- 
creased. On the other hand, the areal pressure of more than 20.0 MPa causes tension to be increased when the 
endless belt is used, therefore being unacceptable from the viewpoint of long lasting qualities. 

It is desirable that the elastic member has the hardness (adherence to JIS K6301 type) of less than 95 degrees. 
When the hardness is more than 95 degrees, the elastic force is decreased and resin banks are easily produced 
when the resin sheet is touched both the cooling roller and the metallic endless member at approximately the same time. 

A method for producing a soft transparent polyolefin resin sheet according to the fifth invention of the present 
invention, in which using a producing apparatus having a water tray formed with a sirt for flowing a cooling water, a 
water tank placed under the water tray, and a pair of rollers for pressuring, kx;ated to be at least partially soaked in 
water of the water tank, is characterized by including the steps of: cooling the soft transparent polyolefin resin sheet 
according to any one of the first, second and third inventions in the molten state with the cooling water while the resin 
sheet is being passed through the slit; and gukJing the soft transparent polyolefin resin sheet through between the pair 
of rollers for pressuring into the water of the water tank. 

The preferable temperature of the water for cooling is less than 1 0 "^C. Calcium ch toride can be added in the water 
as necessary. 

In the fourth and fifth inventions, the obtained resin sheet can undergo an annealing treatment, 
The annealing process is carried out, for example, from 80 »C to 1 30 "C, preferably, 11 0 **C to 1 30 'C. The annealing 
process allows the hardness of the face of the sheet to be increased. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig. 1 is a diagramnoatic view of a producing apparatus used in a producing method of a soft transparent polyolefin 
resin sheet according to each of first, fourth and sixth embodiments of the present invention; 
Fig. 2 is a diagramnnatic view of a producing apparatus used in a producing method of a soft transparent polyolefin 
resin sheet according to a second embodiment of the present inventbn; 

Fig. 3 is a diagrammatic view of a producing apparatus used in a producing method of a soft transparent polyolefin 
resin sheet according to a third embodiment of the present invention; and 

Fig. 4 is a diagrammatic view of a producing apparatus used in a producing method of a soft transparent polyolefin 
resin sheet according to a fifth embodiment of the present invention. 
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so DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT(S) 

First Embodiment 

A soft transparent polyolefin resin sheet 11 and a method for producing the same according to the embodiment 
ss will be described hereinafter with reference to Fig. 1 . 

At the outset, a structure of a producing apparatus used in the producing method of the embodiment will be ex- 
plained. 

The producing apparatus is composed of: a T-die 12 of an extruder {not shown); a metallic endless belt 15 wound 
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on a first cooling roller 1 3 and a second cooling roller 1 4; a third cooling roller 1 6 that is in contact with the first cooling 
roller 13 through the resin sheet 11 and the metallic endless belt 15; andafourth roller 17 placed adjacent to the second 
cooling roller 14. 

The first cooling roller 1 3 is covered with an elastic member 1 8, such as fluoro rubber, on the outer circumference 
surface. The elastic member 18 has the hardness (adherence to JIS K6301 A-type) of less than 95 degrees and the 
thickness of more than 3 mm. 

The metallic endless belt 1 5 is made of stainless or the like and has a mirror surface having the surface-roughness 
of less than 0.5 S. 

At least one of rotating shafts 1 9 of the first and second cooling rollers 1 3 and 1 4 is connected with a rotary driving 
means (not shown). 

The third roller 16 also has a mirror surface having the surface-roughness of less than 0.5 S. The third roller 1 6 is 
placed to be in contact with the first roller 1 3 through the resin sheet 1 1 and the metallic endless belt 1 5 and to be held 
by the resin sheet 11 that is pressured toward the cooling roller 16 by the endless belt 15. In other words, the metallic 
endless belt 1 5 and the resin sheet 1 1 laki on the endless bett 1 5 run in a cutve to wind on a part of outer circumferential 
surface of the third cooling roller 16. 

The fourth roller 17 guides the resin sheet 11 to pressure it onto the second cooling roller 14 through the endless 
belt 15. 

The first and third cooling rollers 1 3 and 1 6 of the cooling rollers each have a temperature controlling means, such 
as a water-cooling system (not shown), for controlling the temperature of the surface of the roller. The temperature 
controlling means is not provided in the cooling roller 14, but may be provided. 

As indicated with a dashed and dotted line of Fig. 1 , a cooling roller 31 can be placed forward the first cooling roller 
1 3 inside the endless belt 1 5, thereby the upstream portion of the endless belt 1 5 is cooled in advance before reaching 
the first cooling roller 13. Additionally, the cooling roller 31 functbns as a roller for controlling tension of the endless 
belt 15. 

Next, the method for producing the soft transparent polyolefin resin sheet of the embodiment with the use of the 
aforementioned producing apparatus will be hereinafter described. 

Each temperature of the cooling rollers 13, 14 and 16 are controlled to maintain the surface temperature of the 
third cooling roller 16 and the metallic endless belt 15 that is in directly contact with the resin sheet 11 to be from the 
dew point to 50 °C. 

As the materials of the resin sheet 11 that is fed into the extruder, when a single layer sheet is fabricated, pellet 
of a soft polypropylene type resin is put in readiness for using. When a multilayered layer sheet is fabricated, pellet of 
a hard polypropylene type resin is additionally put in readiness for using. 

The resin sheet 11 is extruded from the T-die 12 after the materials of the resin sheet 11 is fed into the extruder 
and meltingly kneaded. Ttie extruded resin sheet 11 is guided between the first and third cooling rollers 13 and 16 to 
touch both the third cooling roller 16 and the endless belt 1 5 in contact with the first cooling roller 1 3. The resin sheet 
11 is pressed between the first and third cooling roller 13 and 16 and cooled at less than 50 •C. Here, the elastkj 
member 18 is elastically deformed to be compressed with the pressure force produced between the first and third 
cooling rollers 1 3 and 16. Therefore, the resin sheet 11 is areally pressured by the cooling rollers 13 and 16 in angles 
91 formed from the centers of the cooling roller 16 and the cooling roller 13 having the elastk:ally deformed elastk; 
member 18. The areal pressure is from 0.1 MPa to 20.0 MPa. 

Continuously, the resin sheet 11 is cooled at less than 50 "C by being pressured onto the third cooling roller 16 by 
using the endless belt 15 having the mirror surface. The resin sheet 11 , which is pressured onto the third cooling roller 
16 by the endless belt 15, holds the third cooling roller 16 at an angle 82 formed from the center of the roller 16, so 
that the resin sheet 11 is areally pressured by the endless belt 15 and the third cooling roller 16 in the area formed by 
the angle 82. The areal pressure is from 0.01 MPa to 0.5 MPa. 

After that, the resin sheet 11 is moved toward the second cooling roller 14 with the rotation of the endless belt 15 
while being laid on the endless bett 1 5, and cooled at less than 50 by being pressured through the endless belt 1 5 
to the second cooling roller 1 4 so as to fabricate the soft transparent polyolefin resin sheet 1 1 according to the embod- 
iment^When the fourth roller 17 guides the resin sheet 11 to^fessufe 

areally pressured through the endless belt 1 5 to the cooling roller 1 4 at an angle 83 formed from the center of the roller 
14. The areal pressure is from 0.01 MPa to 0.5 MPa. 

Note that, as indicated with a dashed and two^otted line of Fig. 1 and Fig. 2, the resin sheet 11 can be peeled 
from the endless belt 1 5 just after being cooled by the first and third rollers 1 3 and 1 6. 

According to the embodiment, the molten resin sheet 11 that is extnjded from the T-die 12 by using a polyolefin 
type resin as the raw material is areally pressured and cooled by using the cooling rollers 1 3 and 1 6 in the area formed 
by the angles 01 of the first and third cooling rollers 1 3 and 16 in which the elastic member 18 is elastically deformed. 
Continuously, the resin sheet 11 is areally pressured and cooled by using the metallic endless belt 15 and the third 
cooling roller 16 at the angle 92, and additionally, is areally pressured and cooled by using the endless belt 15 and the 
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second cooling roller 1 4 at the angle B3 of the second cooling roller 1 4. Therefore, the obtained resin sheet 11 has the 
foltowing properties (a) to (c). 

(a) An elastic modulus in tension is from 20 MPa to 1 ,000 MPa. 

(b) The average length of a foreign substance that has a different refractive index from a non-crystalline resin 
composition occupying the most volume fraction Is less than 10 ^im. and the number of foreign substances in any 
section of the face of the sheet is less than 500 foreign substances/mm2. 

(c) The surface-roughness Ra of at least one of faces is less than 0.2 

Second Embodiment 

A soft transparent polyolefin resin sheet 1 1 and a producing method of the same according to the embodiment will 
be described hereinafter with reference to Fig. 2. 

A producing apparatus used in the embodiment uses a metallic endless layer 20 that is formed on the outer cir- 
cumferential of elastic member 18 of the first cooling roller 13 instead of the metallic endless belt 15 which is wound 
on the first cooling roller 1 3 and the second cooling roller 14 in the first embodiment. 

In the producing method using the producing apparatus of the embodiment, the molten resin sheet 11 which is 
extruded from the T-die 1 2 with the use of a polyolefin type resin as the raw materials is areally pressured and cooled 
by using the cooling rollers 1 3 and 1 6 in an area formed by angles 01 of the first and third cooling rollers 1 3 and 1 6 in 
which the elastic member 18 is elastically deformed. Thereby obtaining the resin sheet 11 having the aforementioned 
properties (a) to (c). 

Third Embodiment 

A soft transparent polyolefin resin sheet 11 and a method for producing the same according to the embodiment 
will be described hereinafter with reference to Fig. 3. 

At the outset, a structure of a producing apparatus used in the embodiment will be explained below 
The producing apparatus is composed of: the T-die 12 of the extruder; a first metallic endless belt 23 which is 
wound on a first cooling roller 21 and a second cooling roller 22; a second metallic endless belt 26 which is wound on 
a third cooling roller 24 and a fourth cooling roller 25; a fifth roller 27 which is placed adjacent to the fourth cooling 
roller 25; and two pairs of rollers 28 and 29 placed as a pressure applying means for pressuring the endless belts 23 
and 26. 

TTie first cooling roller 21 is covered with the elastic member 18. such as fluoro rubber, on the surface. The elastic 
member 1 8 has the hardness (adherence to JIS K6301 A4ype) of less than 95 degrees and the thickness of more than 
3 mm. 

The first and second endless belts 23 and 26 parallel run to sandwich the soft transparent polyolefin resin sheet 
11 in between the first and second cooling rollers 21 and 22 and between the third and fourth cooling rollers 24 and 
25. The endless belts 23 and 26 are made of stainless or the like and have a mirror surface having the surface- 
roughness of less than 0.5 S. 

Each pair of rollers 28 and 29 as the pressure applying means, are with the endless belts 23 and 26 in between, 
and are kx:ated in the middle section from the first and third cooling rollers 21 and 24 to the second and fourth cooling 
rollers 22 and 25. The upper pair of rollers 28 and the lower pair of rollers 29 are spaced to some degree from each 
other. Each pair of rollers 28 and 29 can be placed in a zigzag not to be opposite to each other. 

The fifth roller 27 guides the soft transparent polyolefin resin sheet 11 so that the resin sheet 11 is pressured 
through the second endless belt 26 to the fourth cooling roller 25. 

Each of the cooling rollers 21 , 22, 24 and 25 has a temperature controlling means, such as a water-cooling system 
(not shown), for controlling the temperature of the surface of the roller. 

Next, the method for producing the soft transparent polyolefin resin sheet 11 of the embodiment by using the 
aforementioned producing apparatus will be explained below. ^ 

Each temperature of the cooling rollers 21 . 22, 24 and 25 are controlled so that each surface temperature of the 
metallic endless belts 23 and 26 that is in directly contact with the resin sheet 11 is maintained from the dew point to 
50 "^C. 

The soft transparent polyolefin resin sheet 11 which is extruded from the T-die 12 is guided between the first and 
second endless belts 23 and 26 to touch both the first metallic endless belt 23, which is directly laid on the first cooling 
roller 21 , and the second metallic endless belt 26 which is directly laid on the third cooling roller 24. The soft transparent 
polyolefin resin sheet 11 is pressured by the first and third cooling rollers 21 and 24 and cooled at less than 50 *C. 
Here, the elastic member 18 is elastically deformed to be compressed with the pressure force produced between the 
first and third cooling rollers 21 and 24. Therefore, the resin sheet 11 is areally pressured by the cooling rollers 21 and 
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24 in angles G1 formed from the centers of the cooling roller 24 and the cooling roller 21 having the elastically deformed 
elastic member 18. The areal pressure Is from 0.1 MPa to 20.0 MPa. 

Continuously, the soft transparent polyolefin resin sheet 11 that is sandwiched between the endless belts 23 and 
26 by using two pairs of rollers 28 and 29 as the pressure applying means Is pressured and cooled at less than 50 **C 
while being parallel run together with the endless belts 23 and 26. The resin sheet 11 that is sandwiched between the 
endless belts 23 and 26 in a section between the upper and lower pairs of rollers 28 and 29 is areally pressured by 
the pressure force of the pairs of rollers 28 and 29. The areal pressure is from 0.01 MPa to 0.5 MPa. 

After that, the soft transparent polyolefin resin sheet 11 is moved toward the second and fourth cooling rollers 22 
and 25 with the rotation of the endless belts 23 and 26, and cooled at less than 50 "^C by being pressured through the 
second endless belt 26 toward the fourth cooling roller 25. The polyolefin resin sheet 11 which is guided by the fifth 
roller 27 to be pressured toward the fourth cooling roller 25 is areally pressured onto the endless belt 26 In a section 
formed by an angle 03 from the center of the cooling roller 25. The areal pressure is from 0.01 MPa to 0.5 MPa. 

According to the embodiment, the processes for areally pressuring and cooling the resin sheet 11 are carried out 
in the section formed by the angles 01 of the third cooling roller 24 and the first cooling roller 21 , having the elastically 
deformed elastic member 1 8, by the first and third cooling roller 21 and 24 and the endless belts 23 and 26, continuously, 
between the two pairs of rollers 28 and 29 as the pressure applying means, and further, in the section formed by the 
angle 03 by the second metallic endless belt 26 and the fourth cooling roller 25. Thereby obtaining the resin sheet 11 
having the aforementioned properties (a) to (c). 

Fourth Embodiment 

The stmcture of the apparatus used in a producing method relating to the embodiment is the same as that in the 
first embodiment. 

The method for producing the soft transparent polyolefin resin sheet 11 with the use of the producing apparatus 
is parallel with that of the first embodiment. In the embodiment, as the raw materials of the resin sheet 11 which is fed 
into the extruder, pellet that consists of a soft polypropylene type resin and pellet that is made by adding one of three 
components of a hydrogenated SBR, an ethylene-aolefin copolymer and an ethylene-octane copolymer In the soft 
polypropylene type resin are put in readiness for using. 

According to the embodiment, the resin sheet 1 1 , which is manufactured of the materials of the soft polypropylene 
type resin or the material that is compounded of the resin and one of three components of a hydrogenated SBR, an 
ethylene-aolefin copolymer and an ethylene-octane copolymer, and is extmded from the T-die 12, is areally pressured 
and cooled with the cooling rollers 13 and 16 in the section formed by the angle 01 of the cooling roller 16 and the 
cooling roller 13 having the elastically deformed elastic member 18. Continuously, the sheet 11 is areally pressured 
and cooled in the angle 02 by using the metallic endless belt 15 and the third cooling roller 16. Additionally, after that, 
the sheet 11 is areally pressured and cooled in the angle 03 of the second cooling roller 14 by using the endless belt 
1 5 and the second cooling roller 1 4. Thereby fabricating the resin sheet 1 1 having the high transparency at high speed. 

Fifth Embodiment 

A producing method of the soft transparent polyolefin resin sheet 11 relating to the embodiment will be described 
hereinafter with reference to Fig. 4. 

The first description is as to a structure of a producing apparatus used in the embodiment. 

The apparatus is composed of: the T-die 1 2 of the extruder; a water tray 31 ; a water tank 32 that is placed downward 
the water tray 31 ; and a pair of rollers 33 for pressuring the sheet, which is placed in the water tank 32. Guiding rollers 

34 for guiding the resin sheet are placed in the water tank 32 and in proximity to the water tank 32. 

The water tray 31 is formed with a slit 35 for flowing the cooling water at the center thereof. The length of the slit 

35 is slightly longer than the width of the resin sheet 11. 

The paired rollers 33 is placed to be opposite each other. A space between the two rollers 33 is located under the 
slit 35r The approximately half of the paired rollers 33 are soaked ifrw^ i 

The soft transparent polyolefin resin sheet 11 is fabricated by using the above apparatus as described hereinafter 

The soft transparent polyolefin resin sheet 11 which is extruded from the T-die 12 of the extruder is cooled by the 
water 36 for cooling while being passed through the slit 35. 

Continuously, the resin sheet 1 1 Is guided from between the pair of rollers 33 for pressing the sheet into the water 

36 of the water tank 32, and is drawn up out of the water tank 32 through the guiding rollers 34. 

The resin sheets 11 obtained in from the first embodiment to the fifth embodiment can undergo an annealing 
treatment. The an annealing treatment Is carried out by using a heating roller or a belt that is wound on a heating roller. 
The heating roller or the number of heating rollers for the belt can be selectively decided. 

The resin sheet 11 is heated and the resin sheet 11 in the molten state can undergo a similar process to that In 
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the first embodiment. 
Sixth Embodiment 

In the embodiment, the producing apparatus similar to that in the first embodiment is used. 

As the raw materials of the resin sheet 1 1 that is fed Into the extruder, pellet that consists of a polypropylene type 
thermoplastic elastomer and an ethylene-vinyl acetate copolymer resin (from 5 wt% to 30 wt%) Is put in readiness for 
using. The soft transparent polyolefin resin sheet 11 is fabricated with the use of the aforementioned materials as 
described In the first embodiment. 

According to the embodiment, with respect to the resin sheet 11 which Is made by using a polypropylene type 
thermoplastic elastomer and an ethylene-vinyl acetate copolymer resin (from 5 wt% to 30 wt%) as the material, and 
is extruded from the T-die 12, the first and third cooling rollers 13 and 16 areally pressure and cool the resin sheet In 
the section formed by the angle 61 of the cooling rollers 1 6 and 1 3 which has the elastically deformed elastic member 
18. Continuously, the metallic endless belt 15 and the third cooling roller 1 3 areally pressure and cool the resin sheet 
In the section fomned by the angle G2. Additionally, after that, the endless belt 15 and the second cooling roller 14 
areally pressure and cool the resin sheet in the section formed by the angle 63 of the second cooling roller 1 4. Therefore, 
the resin sheet 11 having the high transparency can be fabricated at high speed. 

Experiments 1 to 1 7 

Referring to the first embodiment, the resin sheet 11 Is fabricated by changing specific examples and the com- 
pounding proportions of the raw materials of the sheet from each experiment. 

The resin sheets 1 1 relating to Experiments 1 to 8 have a single layer structure. Table 1 shows in reference to the 
aforementioned properties (a) to (c) of each resin sheet 11 of Experiments. 

Diameter of the extruder ... 90 mm, width of the T-die ... 800 mm. 

Materials of the elastic member ... silicone rubber, thickness ... 10 mm, hardness ... 30 degrees. 
Processing speed of the sheet ... 16 m/min. 

Surface temperature of the roller and the endless belt that is on contact with the sheet ... 20 "C. 

Soft polyolefin type resin of Experiment 1 ... a low-stereoregular homo-polypropylene (Ml: 3.1 g/10min., density: 
0.90 g/m3 an elastic modulus in tension: 500 MPa, PI: 76 %, rrrr/(1-mmmm): 24.2 %, boiled heptane insolubles: 90 
wt%). TPO E-2900 (trade name) made by Idemitsu Petrochemical Co., Ltd.. TTie thickness of the sheet ... 0.2 mm. 

Soft polyolefin type resin of Experiment 2 ... multiple polymerization reactor is used for a compounding process. 
An ethylene-propylene copolymer (Ml: 0.84 g/IOmin.. density: 0.89 g/cm^, an elastic modulus in tension: 150 MPa). 
having a fomi in which a component of an ethylene-propylene rubber (EPR) of approxinnately 43 wt% Is evenly fine- 
dispersed. CATALLOY KS-082P (trade name) made by HIMONT Inc.. The thickness of the sheet ... 0.3 mm. 

Soft polyolefin type resin of Experiment 3 ... multiple polymerization reactor is used for a compounding process. 
An ethylene-propylene copolymer (Ml: 0.60 g/IOmin.. density: 0.89 g/cm^, an elastic rrxxlulus in tension: 100 MPa), 
having a form in which a component of EPR of approximately 50 wt% is evenly fine<lispersed. CATALLOY KS-052P 
(trade name) made by HIMONT Inc.. The thickness of the sheet ... 0.3 mm. 

Soft polyolefin type resin of Experiment 4 ... an ethylene-propylene random copolymer (Ml: 1 .50 g/1 Omin.. density: 
0.88 g/cw^, an elastic modulus In tension: 100 MPa). in which a soft segment and a hard segment are produced from 
ethylene of 20 wt% and propylene of 80 wt% by using a slngle^tage reactor. PER T-310E (trade name) made by 
TOKUYAMA Corp„ The thickness of the sheet ... 0.2 mm. 

Soft polyolefin type resin of Experiment 5 ... an ethylene-propylene random copolymer (Ml: 150 g/10min., density: 
0.88 g/cm^. an elastic modulus in tension: 120 MPa), that is compounded from ethylene of 10 wt% and propylene of 
90 wt% as in Experiment 4. PER T-31 OJ (trade name) made by TOKUYAMA Corp.. TTie thickness of the sheet . 0.2 mm. 

Soft polyolefin type resin of Experiment 6 ... a resin composition which a low-stereoregular homo-polypropylene, 
as used in Experiment 1, of 70 wt% and a hydrogenated styrene-butadiene rubber (trade name: DYNALON 1320P 
made by-Japan Synthetic Rubber Co-Ltd.) of 30 wt%^Teblended.^^^ 

Soft polyolefin type resin of Experiment 7 ... a resin composition which a low-stereoregular homo-polypropylene, 
as used in Experiment 1, of 80 wl% and an ethylene-propylene rubber (EPR) (trade name; TAFMER P0280 made by 
MITSUI CHEMICAL CO., LTD.) of 20 wt% are blended. TTie thickness of the sheet ... 0.3 mm. 

Soft polyolefin type resin of Experiment 8 ... a resin composition which a low-stereoregular homo-polypropylene, 
as used in Experiment 1, of 85 wt% and an ethylene-octane copolymer (trade name: ENGAGE EG-8200 made by 
DOW CHEMICAL Company) of 15 wt% are blended. The thickness of the sheet ... 0.3 mm. 

The resin sheets 11 relating to Experiments 9 to 11 have a double layer structure. 

Soft polyolefin type resin of one layer of the sheet relating to Experiment 9 ... a low-pressure-produced linear low- 
density polyethylene (L-LDPE, Ml: 3 g/10min., density: 0.907 g/cm3). MORETEC V-0398CN (trade name) made by 



10 



EP 0 838 321 A2 



Idemitsu Petrochemical Co., Ltd.. The thickness ... 120 jim. 

Resin of the other layer of the sheet in Experiment 9 ... a hard polypropylene type resin. F-704NP (trade name) 
made by Idemitsu Petrochemical Co., Ltd.. The thickness ... 80 \xm. 

Soft polyolefin type resin of one layer of the sheet relating to Experiment 10 ... an ethylene-octane copolymer (Ml: 
1 g/IOmin., density: 0.902 g/cm^) that has long branching in a main chain whk:h is polymerized by using C. G. C. T 
(Constrained Geometry Capatlyst Technology). PLASTOMER AFFINITY PL1880 (trade name) made by DOW CHEM- 
ICAL Company. The thickness ... 120 pm. 

Resin of the other layer of the sheet relating to Experiment 10 ... a hard polypropylene type resin. F-704NP (trade 
name) made by Idemitsu Petrochemical Co., Ltd.. The thickness ... 80 pm. 

Soft polyolefin type resin of one layer of the sheet relating to Experiment 11 ... an ethyleneoctane copolymer (Ml: 
1 g/IOmin., density: 0.902 g/cm^) that has long branching in a main chain which is polymerized by using C. 6. C. T. 
PLASTOMER AFFINITY PL1880 (trade name) made by DOW CHEMICAL Company. The thrckness ... 160 pm. 

Resin of the other layer of the sheet relating in Experiment 11 ... a hard polypropylene type resin. F-704NP (trade 
name) made by Idemitsu Petrochemical Co., Ltd.. The thrckness... 40 pm. 

The resin sheets 11 relating to Experiments 12 to 17 have a three-layer structure. 

Soft polyolefin type resin used for each middle layer of the sheet relating to Experiments 12 to 14 ... a resin com- 
positk>n (an elastic modulus in tension: 100 MPa) that is compounded by blending an amorphous polyolefin (density: 
0.86 g/cm3 melting viscosity in 1 90 »C; 1 0,000 cps) 50 wt%, compounded by means of a random copolymerization 
of butene-1 (35 wt%) and propylene (65 wt%), and a crystalline polypropylene (Ml: 1 00 g/1 Omin., density: 0.90 g/cm^) 
of 50 vrt%. CAP-355 (trade name) made by UBE REXSEN CO., LTD.. The thickness of the middle layer ... 0.16 mm. 

Resin used for the outer layers of each sheet relating to Experiments 12 to 14 ... a hard polypropylene type resin. 
F-704NP (trade name) made by Idemitsu Petrochemical Co., Ltd.. The thickness of the outer layer ... 0.02 mm. 

Soft polyolefin type resin used for a middle layer of the sheet relating to Experiment 1 5 ... a high-pressure-produced 
low-density polyethylene (LDPE, Ml: 4 g/1 Omin., density: 0.921 g/cm^). PETROTHEN 190 (trade name) made by 
TOHSO Corporation. The thickness of the middle layer ... 0.16 mm. 

Resin used for the outer layers of the sheet relating to Experiment 15... random polypropylene (an ethylene- 
propylene random copolymer, ethylene content: 4 wt%, Ml: 11 g/IOmin ). GRAND POLYPRO S235 (trade name) made 
by GRAND POLYMER CO., LTD.. The thickness of the outer layer ... 0.02 mm. 

Soft polyolefin type resin used for a middle layer of the sheet relating to Experiment 1 6 ... a low-pressure-produced 
linear tow-density polyethylene (L-LDPE, Ml: 3 g/10min., density: 0.907 g/cm^). MORETEC V^398CN (trade name) 
made by Idemitsu Petrochemical Co., Ltd.. The thickness of the middle layer ... 0.16 mm. 

Resin used for the outer layers of the sheet relating to Experiment 16 ... random polypropylene (an ethylene- 
propylene random copolymer, ethylene content: 4 wt%, Ml: 11 g/10min.). GRAND POLYPRO S235 (trade name) made 
by GRAND POLYMER CO., LTD.. The thickness of the outer layer ... 0.02 mm. 

Soft polyolefin type resin used for a middle layer of the sheet relating to Experiment 17 ... an ethylene-octane 
copolymer (Ml: 1 g/10min., density; 0.902 g/cm^) that has long branching in a nnain chain which is polymerized by 
using a metal locene catalyst type geometrk:al restraint catalyst. PLASTOMER AFFINITY PL1880 (trade name) made 
by DOW CHEMICAL Company. TTie thickness of the middle layer ... 0.16 mm. 

Resin used for the outer layers of the sheet relating to Experiment 17... random polypropylene (an ethylene- 
propylene random copolymer, ethylene content: 4 wt%. Ml: 7 g/1 Omin.). F-744NP(trade name) made by Idemistu Pet- 
rochemical Co.. Ltd.. The thickness of the outer layer ... 0.02 mm. 

Comparisons 1 and 2 

A resin sheet is produced by a conventional touch roll sheet fomiing method using a cooling roller The temperature 
of the cooling roller is 40 "C. 

In Comparison 1, the raw materials of resin is the same as that in Experiment 1 . 

In Comparison 2, the same three-layer structure as Experiment 15 is used and the raw materials of resin is the 
same as that in Experiment 1 5: ^ — 

Evaluations concerning properties 

The resin sheets, obtained in Experiments 1 to 17 and Comparisons 1 and 2, are measured about an average 
length (size) of a foreign substance, the surface-roughness, haze (total haze/inner haze), gtoss, and an elastic modulus 
in tension. The results are shown in Tables 1 and 2. The number of foreign substances ranges from 100 to 400 pieces 
of a foreign substance in each of Experiments 1 to 14. 

The average length of the foreign substance ranges from 1 pm to 5 pm in each of Experiments 1 to 1 4, The average 
length is measured by using a phase-contrast microscope. 
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The surface-roughness is measured in conformity with JIS B 0610-1982. With the use of an electronic line tridi- 
mensional roughness-analysis equipment (trade name: ERA^O) made by EUONIX CO., LTD. as a measuring equip- 
ment, an image is inspected at 1,500 times. Additionally, an average roughness at the central face Ra is calculated 
through measuring microscopic asperities on a sample surface by using an electronic probe. The measurement Is 
carried out for the inside face and the outside face of the sheet that is wound on a roller. 

The haze is found from the folbwing fomiula by using the ratio of a total light transmittance fTt). showing the 
amount of transmitting light when light is irradiated onto and passes through the sheet, to a diffuse light transmittance 
(Td) in which light transmits to be diffused by the sheet, with the use of a haze measuring instrument (e g trade name- 
NDH-300A made by NIPPON DENSHOKU KOUGYOCO.. LTD.). The total light transmittance is the sum of the diffuse 
light transmittance (Td) and a parallel light transmittance (T p) in which light transmits along the same axial as incident 
light. 



Haze (H) = TdTtX 100 

IS 

The total haze is found from Tt and Td obtained when light is irradiated onto the sheet Ttie inner haze is measured 
to eliminate influences from the outside of the sheet by sandwiching the sheet between glass plates after silicone oil 
is coated on both faces of the sheet. 

20 

Total haze =: inner haze + outer haze 

The gloss is found from the following formula by using a ratio of a reflected light beam \|rs, that is measured when 
light is irradiated onto the sheet at the incident angle of 60 degrees and a reflected light is also received at 60 degrees, 
25 to a reflected light beam yos that is reflected from the surface of glass having a refractive index of 1 .567, with the use 
of an automatic colorimetric cotor-difference meter (e.g., trade name: AUD-CH-model 2-45,60 made by SUGA SHIKEN- 
Kl CO., LTD.). 



30 Gloss (Gs) = (ys/yos) X 100 

The elastic modulus in tension is measured in conformity with JIS K-7113. 
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Table 1 (continued) 
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El to El 7 are Experiments 1 to 17. 
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PO Is polyolefin. 


















SBR li 


3 styrene-butadiene rubber. 














55 


E-O is ethylene-octane. 
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CI and C2 are Comparisons 1 and 2. 



From Table 1 , according to the soft transparent polyolefin resin sheets 11 of Experiments 1 to 8, the sheet is made 
of a soft polyolefin type resin having the aforementioned properties (a) to (c), so that the sufficient transparency can 
20 be obtained by reason of the tower total haze and inner haze. Additionally an appropriate shine can be obtained by 
reason of the high gloss. 

According to the soft transparent polyotefin resin sheets 1 1 of Experiments 9 to 1 7, it is concluded that the effective 
properties can be similarly obtained even in the multilayered structure in which at least one of both the outer faces is 
made of a hard polypropylene type resin. 
2S The producing method according to the present invention allows to fabricate the soft transparent polyolefin resin 

sheet 11 having the aforementioned properties (a) to (c). 

From Table 2, according to Comparison 1 , the total haze and the inner haze are higher, so that the obtained resin 
sheet is Inferior in the transparency Additionally, a shine is low grade by reason of the lower gloss. 

According to Comparison 2, the transparency of the obtained resin sheet results being less than adequate for the 
30 higher total haze. Additionally, a shine is dull by reason of the lower gloss. 

Experiments 18 to 21 

Referring to the second embodiment, the resin sheet 11 is fabricated to change specific examples and the com- 
as pounding proportions of the raw materials of the sheet, and so on in each experiment as described hereinafter. The 
resin sheets 11 relating to Experiments 18 to 21 each have a three-layer structure. Table 3 shows the aforementioned 
properties (a) to (c) which are shown in the resin sheet 11 obtained in each experiment. The specific conditions for 
producing are the same as in Experiment 1 . 

The resin used for the middle layer and the outer layers of Experiment 18 is as is the case with Experiment 12. 
40 The resin used for the middle layer and the outer layers of Experiment 1 9 is as is the case with Experiment 15. 

The resin used for the middle layer and the outer layers of Experiment 20 is as is the case with Experiment 16. 
The resin used for the middle layer and the outer layers of Experiment 21 is as the case of Experiment 17. 

Comparisons 3 and 4 

45 

The resin sheet is made by the same manner as the Comparison 1 . 

The structure of the resin sheet and the composition of resin relating to Comparisons 3 and 4 are the same as that 
in Comparisons 1 and 2. 



50 Evaluations concerning properties 

As regards the resin sheets obtained in Experiments 18 to 21 and Comparisons 3 and 4, the average length of 
the foreign substance, the surface-roughness, haze, gloss, and the elastic modulus in tension are measured. The 
results are shown in Tables 3 and 4. The number of foreign substances is sighted in a range from 100 to 400 foreign 
55 substances in each of Experiments 18 to 21 . 

The average length of the foreign substance ranges from 1 to 5 pm in each of Experiments 1 8 to 21 . 



14 



EP 0 838 321 A2 



Table 3 



O 




Composition 
& layer 

structure of 
sheet 


Elastic 
modulus in 
tension 


SIzeofforeign 
substance 


Surface-Roughness (pm) 


Haze (%) 


Gloss (%) 








(MPa) 


(^m) 


inner 


outer 


total 


inner 




10 


E18 


PP// 
amorphous 
PO//PP 


130 


< 10 


0.031 


0.039 


2 


1.5 


130 




E19 


PP//LDPE// 
PP 


190 


<10 


0.028 


0.034 


5 


3 


120 


IS 


E20 


PP//L-LDPE 
//PP 


120 


<10 


0.032 


0.034 


4 


1.5 


120 


20 


E21 


PP// 
Plastomer // 
PP 


100 


< 10 


0.041 


0.032 


3 


1-3 


130 



Table 4 



25 




Composition 
& layer 

structure of 
sheet 


Elastic 
modulus in 
tension 


Size of foreign 
substance 


Surface-Floughness (jim) 


Haze (%) 


Gbss (%) 








(MPa) 




inner 


outer 


total 


inner 




30 


C3 


tow- 
stereoregular 
PP 


700 


15 


0.3 


0.031 


10 


8 


90 


35 


C4 


PP// 
amorphous 
PO//PP 


200 


IB 


0.081 


0.081 


10 


1 


95 



From Table 3, according to the soft transparent polyolefin resin sheets 11 having the three-layer structure of Ex- 
periments 18 to 21 , the sheet is made of a soft polyolefin type resin having the aforementioned properties (a) to (c), 
so that the total haze and the inner haze are lower, resulting in the sufficient transparency. Additionally, the higher gloss 
effects an appropriate shine. 

The producing method according to the present invention allows to produce the soft transparent polyolefin resin 
sheet 11 having the aforementioned properties (a) to (c). 

From Table 4, according to Comparison 3, the resin sheet, which is made by using the same raw materials as in 
Experiment 18 but by the touch roll sheet forming method, has the average length of the foreign substance and the 
surface-roughness that exceed the range defined in the present invention, so that the transparency results in taw grade 
by reason of the higher total haze and the higher inner haze. Additionally, it is concluded that the shine is inferior for 
the lower gloss. 

According to Compa rison 4 , t he resin sheet that is made by the touch roll sheet forming method has the average 
length of the foreign substance and the surface-roughness that exceed the range defined in the present invention, so 
that the transparency results in being inferior by reason of the higher total haze. Additionally, it is concluded that the 
shine is dull for the lower gloss. 



Experiments 22 to 25 

Referring to the third embodiment, the resin sheet 11 is fabricated to change specific examples and the compound- 
ing proportions of the raw materials of the sheet, and so on in each experiment as described hereinafter. The resin 
sheets 11 relating to Experiments 22 to 25 each have a three-layer structure. Table 5 shows the aforementioned prop- 
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erties (a) to (c) which are shown in the resin sheet 11 obtained in each experiment. The specific conditions for producing 
are the same as in Experiment 1 . 

The resin used for the middle layer and the outer layers of Experiment 22 is as is the case with Experiment 12. 

The resin used for the middle layer and the outer layers of Experiment 23 is as is the case with Experiment 15. 
5 The resin used for the middle layer and the outer layers of Experiment 24 is as is the case with Experiment 16. 

The resin used for the middle layer and the outer layers of Experiment 25 is as the case of Experiment 17. 

Comparisons 5 and 6 

10 The resin sheet is made by the same manner as the Comparison 1 . 

The structure of the resin sheet and the composition of resin relating to Comparisons 5 and 6 are the same as that 
in Comparisons 1 and 2. 

Evaluations concerning properties 

IS 

As respects the resin sheets obtained in Experiments 22 to 25 and Comparisons 5 and 6, the average length of 
the foreign substance, the surface-roughness, haze, gloss, and the elastic modulus in tension are measured. The 
results are shown in Tables 5 and 6. 

The number of foreign substances is sighted in a range from 1 00 to 400 foreign substances in each of Experiments 
20 22 to 25. 

The average length of the foreign substance ranges from 1 pjD to 5 pm in each of Experiments 22 to 25. 



Table 5 



25 


Composition & layer 
structure of sheet 


Elastic 
modulus in 
tension 


Size of foreign 
substance 


Surface-Roughness (^^l) 


Haze (%) 


Gloss (%) 








(MPa) 


Oim) 


inner 


outer 


total 


inner 




30 


E22 


PP// 
amorphous 
PCV/PP 


120 


<10 


0.038 


0.041 


2 


1.5 


130 




E23 


PR// LORE 
//PR 


180 


<10 


0.032 


0.027 


5 


3 


120 


35 


E24 


PP//L- 
LORE //PR 


120 


<10 


0.033 


0.035 


4 


1.5 


120 


40 


E25 


PR// 
Plastomer// 
PP 


100 


<10 


0.031 


0.032 


3 


1.3 


130 



Table 6 



45 


Composrtbn & layer 
structure of sheet 


Elastic modulus 
in tension 


Size of foreign 
substance 


Surface-Roughness (|im) 


Haze (%) 


(MPa) 


Oim) 


inner 


outer 


total 


inner 


C5 


low- 

__stereoregular_PP _ 


700 


15 


0.35 


0.031 


10 


8 


50 
















C6 


PP//amorphous 
; RQ//RR 


200 


18 


0.091 


0.09 


10 


1 



From Table 5, according to the soft transparent polyolefin resin sheets 11 having the three-layer structure of Ex- 
periments 22 to 25, the sheet is made of a soft polyolefin type resin having the aforementioned properties (a) to (c), 
so that the total haze and the inner haze are lower, resulting in the decent transparency. Additionally, the higher gloss 
effects an appropriate shine. 

The producing method according to the present invention allows to produce the soft transparent polyolefin resin 
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sheet 11 having the aforementioned properties (a) to (c). 

From Table 6, according to Comparison 5, the obtained resin sheet has the higher total haze and the higher inner 
haze, resulting in the inferior transparency. Additionally, the gloss is low, therefore, naturally the shine is inferior 

According to Comparison 6, the obtained resin sheet has the low grade transparency by reason of the higher toatal 
5 haze. Additionally, the shine is Inferior for the lower gloss. 

Experiments 26 to 34 

Referring to the fourth embodiment, the resin sheet 11 is fabricated by changing specific examples and the com- 
10 pounding proportions of the raw materials of the sheet, and so on in each experiment as described hereinafter Table 
7 shows the aforementioned properties (a) to (c) which are shown in the resin sheet 11 obtained In each experiment. 
The specific conditions for producing are the same as In Experiment 1 . 

The resin sheets 11 relating to Experiments 26 to 33 have a single-layer structure. 

Soft polypropylene type resin of Experiment 26 ... a low-stereoregular home-polypropylene (Ml: 3.1 g/IOmin., den- 
15 sity: 0.90 g/m^. an elastic modulus In tension: 500 MPa, boiled heptane rnsolubles: 90 wt%). TPO E-2900 (trade name) 
made by Idemitsu Petrochemical Co., Ltd.. The thickness of the sheet ... 0.2 mm. 

Soft polypropylene type resin of Experiment 27 ... multiple polymerization reactor is used for a compounding proc- 
ess. An ethylene-propylene copolymer (Ml: 0.84 g/IOmin., density: 0.89 g/cm^, an elastic modulus in tension: 150 
MPa), having a form in which a component of an ethylene-propylene mbber (EPR) of approximately 43 wt% Is evenly 
20 fine-dispersed. CATALLOY KS-082P (trade name) made by HIMONT Inc.. 

Soft polypropylene type resin of Experiment 28 ... multiple polymerization reactor is used for a compounding proc- 
ess. An ethylene-propylene copolymer (Ml: 0.60 g/10min., density: 0.89 q/ctx^, an elastic modulus in tension: 100 
MPa), having a form in which a component of EPR of approximately 50 wt% Is evenly fine-dispersed. CATALLOY KS- 
052P (trade name) made by HIMONT Inc.. 
25 Soft polypropylene type resin of Experiment 29 ... an ethylene-propylene random copolymer (Ml: 1.50 g/IOmln., 

density: 0.88 g/cm^, an elastic nrKxjulus in tension: 1 00 MPa). In wh ich a soft segment and a hard segment are produced 
from ethylene of 20 wt% and propylene of 80 wl% by using a single-stage reactor PER T-310E (trade name) made 
byTOKUYAMACorp.. 

Soft polypropylene type resin of Experiment 30 ... an ethylene-propylene random copolymer (Ml: 1.50 g/10min., 
30 density: 0.88 g/cm^, an elastic modulus in tension: 120 MPa), that is compounded from ethylene of 10 wl% and pro- 
pylene of 90 wt% as in Experiment 18. PER T-310J (trade name) made by TOKUYAMA Corp. 

Soft polypropylene type resin of Experiment 31 ... a resin composition in which a bw-stereoregular homoypolypro- 
pylene, as used in Experiment 1 , of 70 wt% and a hydrogenated styrene-butadiene rubber (trade name: DYNALON 
1320P made by Japan Synthetic Rubber Co., Ltd.) of 30 wt% are blended. 
3S Soft polypropylene type resin of Experiment 32 ... a resin composition in which a low-stereoregular homo-polypro- 

pylene, as used In Experiment 26, of 80 wt% and an ethylene-propylene rubber (EPR) (trade name: TAFMER P0280 
made by MITSUI CHEMICAL CO.. LTD.) of 20 wt% are blended. 

Soft polypropylene type resin of Experiment 33 ... a resin composition in which a low-stereoregular homo-polypro- 
pylene, as used in Experiment 15, of 85 wt% and an ethylene-octane copolymer (trade name: ENGAGE EGn8200 
40 made by DOW CH EMICAL Company) of 1 5 wt% are blended. 

The resin sheet 11 of Experiment 34 has a three-layer structure. 

Soft polypropylene type resin used for a middle layer of the sheet of Experiment 34 ... a resin composition (an 
elastic modulus in tension: 100 MPa) that Is compounded by blending an arTK>rphous polyolefin (density: 0.86 g/crrr^, 
melting viscosity at 190 "C: 10,000 cps) of 50 wt%, compounded by means of a random copolymerization of butene- 
45 1 (35 wt%) and propylene (65 wt%), and a crystalline polypropylene (Ml: 1.00 g/10min., density: 0.90 g/cm^) of 50 
wt%. CAP-355 (trade name) made by UBE REXSEN CO., LTD.. The thickness ... 160 ^im. 

Resin used for the outer layers of the sheet of Experiment 34 ... a hard polypropylene type resin. F-704NP (trade 
name) made by Idemitsu Petrochemical Co.. Ltd.. The thickness of each outer layer... 20 ^im. 



50 Comparisons 7 and 8 

The resin sheet is made by the same manner as the Comparison 1. 

The structure of the resin sheet and the composition of resin relating to Comparisons 7 and 8 are the same as that 
in Comparisons 1 and 2. 

55 

Evaluations conceming properties 

The resin sheets that are obtained in Experiments 26 to 34 and Comparisons 7 and 8 are measured as to the haze 
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(the total haze/the inner haze), the gloss, and the elastic modulus in tension. The resutts are shown in Tables 7 and 8. 

The number of foreign substances is sighted in a range from 100 to 400 foreign substances in each of Experiments 
26 to 34. 

The average length of the foreign substance ranges from 1 |im to 5 |im In each of Experiments 26 to 34. 

5 

Table 7 





Composition & layer structure of sheet 


Haze (%) 


Gloss (%) 


Elastic modulus (MPa) 


E26 


low-stereoregular PP 


2.5/1.5 


135 


500 


E27 


EPR fine-dispersion E-P copolymer 


6.0/30 


110 


150 


E28 


EPR fine-dispersion E-P copolymer 


5.0/2.0 


100 


100 


E29 


E-P random copolymer 


5.0/2.5 


110 


100 


E30 


E-P random copolymer 


3.0/1.5 


120 


120 


E31 


low-stereoregular PP/hydrogenated SBR 


2.0/1.0 


120 


150 


E32 


low-stereoregular PP / EPR 


3.5/1.5 


130 


450 


E33 


low-stereoregular PP / E-Oc 


2.0/1.5 


130 


400 


E34 


PP//amorphous PO//PP 


1.0/0.2 


130 


120 


E26 to E34 are Experiments 26 to 34. 
PP is polypropylene. 
EPR is ethylene-propylene rubber. 
E-P is ethylene-propylene. 
PO is polyolefin. 
SBR is styrene-butadiene. 
E-Oc is a ethylene-octane copolymer. 



Table 8 





Composition & layer structure of sheet 


Haze {%) 


Gloss (%) 


Elastic modulus (MPa) 


01 


low-stereoregular PP 


10.0/7.0 


100 


500 


C8 


PP // amorphous PO // PP 


8.0/4.0 


100 


120 


C7 and C8 are Comparisons 7 and 8. 



From Table 7, according to Experiments 26 to 30, it is concluded that the resin sheet 11 . extruded from an extruder 
by using a soft polypropylene type resin as the materials, is cooled in the producing apparatus, so that the obtained 
40 resin sheet 11 has the lower total haze and the lower inner haze, resulting in the appreciable transparency. The high 
gloss effects the sufficient shine. In addition, the elastic modulus in tension is low, resulting in the sheet wealthy in 
flexibility. 

According to Experiment 31 , it is concluded that the resin sheet is similarty made by using the resin composition 
consisting of a soft polypropylene type resin and a hydrogenated SBR as materials, so that the obtained resin sheet ^ 
4S 1 1 has the low haze and the high gloss. 

According to Experiment 32, it is concluded that the resin sheet is similarty made by using the resin composition 
consisting of a soft polypropylene type resin and an ethylene-aolefin copolymer as materials, so that the obtained resin 
sheet 11 has the low haze and the high gloss. The elastic modulus in tension is low and the flexibility is effective. 

/Accordin g to Experiment 33, it is concluded that the resin she et is s imilarly made by using the resin composition 

50 consisting of a soft polypropylene type resin and an ethylene-octane copolymer as materials, so that the obtained resin 
sheet 11 has the low haze and the high gloss, Ihe elastic modulus in tension elasticity is low and the flexibility is 
sufficient. 

/^cording to Experiment 34, even in the three-layer structure having both the outer layers of the sheet that is made 
of a soft polypropylene type resin, the haze, the gloss and the elastic modulus in tension are appropriately ensured. 
55 From Table 8, according to Comparison 7, the same materials as that in Experiment 1 is used but the resin sheet 

is made by the touch roll sheet forming method, so that the total haze and the inner haze of the obtained resin sheet 
are high, thereby being the substandard transparency. The shine results in being less than adequate by reason of the 
low gloss. 
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According to Comparison 8, the resin sheet is nnade by the touch roll sheet forming method, so that the obtained 
resin sheet has the high total haze, resulting in the inferior transparency. 

Experiments 35 to 37 

5 

Referring to the fifth embodiment, the resin sheet 11 is fabricated by changing specific examples, the compounding 
proportions of the raw materials of the sheet, and so on in each experiment as described hereinafter. Table 9 shows 
the aforementioned properties (a) to (c) which are shown in the resin sheet 11 obtained in each experiment. The specific 
conditions for producing are the same as in Experiment 1. The temperature of the cooling water 36 is 6 *C. 
10 A soft polypropylene type resin of Experiment 35 is the same as in Experiment 17, 

In Experiment 36, the endless belt 15 of the first embodiment Is heated at 100 **C, and the resin sheet 11 that is 
obtained in Experiment 35 undergoes an annealing treatment by using the heated endless belt 15. 

In Experiment 37, the endless belts 23 and 26 of the third embodiment are heated at 100 **C, and the resin sheet 
11 that is obtained in Experiment 35 undergoes an annealing treatment by using the heated endless belts 23 and 26. 

IS 

Experiments 38 and 39 

In Experiment 38, the endless belt 1 5 of the first embodiment is heated at 80 **C, and the resin sheet that is obtained 
in Experiment 17 undergoes an annealing treatment by using the heated endless belt 15. 
20 In Experiment 39, the endless belts 23 and 26 of the third embodiment are heated at 100 "C, and the resin sheet 

11 that is obtained in Experiment 17 undergoes an annealing treatment by using the heated endless belts 23 and 26. 

Evaluation concerning properties 

25 The resin sheets that are obtained in Experiments 35 to 39 are measured as to the average length of the foreign 

substances, the surface-roughness, the haze, the gloss, and the elastic modulus in tension. The results are shown in 
Table 9. 

The number of foreign substances Is sighted in a range from 100 to 400 foreign substances in each of Experiments 
35 to 39. 

30 The average length of the foreign substance ranges from 1 ^m to 5 pm in each of Experiments 35 to 39. 



Table 9 



35 




Composition 
& layer 

structure of 
sheet 


Elastic 
nrK>dulus in 
tension 


Size of foreign 
substance 


Surface-Roughness Oim) 


Haze (%) 


Gloss (%) 








(MPa) 


(^rni) 


inner 


outer 


total 


inner 




40 


E35 


PP// 
Plastomer // 
PP 


120 


<10 


0.041 


0.038 


2 


1.5 


120 


45 


E36 


PP// 
Plastomer // 
PP 


120 


<10 


0.039 


0.028 


4 


1.5 


120 




E37 


PP// 
Plastomer // 
PP 


120 


<10 


0.032 


0.034 


4 


1.5 


120 


SO 


"E38" 


PP// 
Plastomer // 
PP 


100 


<10 


^0:035 


0:039 


~3~ 


~i:5~ 


120 


55 


E39 


PP// 
Plastomer // 
PP 


100 


< 10 


0.033 


0.03 


3 


1.5 


120 



From Table 9, the resin sheets 11 that are obtained in Experiments 35 to 39 are made of a soft polyolefin type 
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resin having the aforementioned properties (a) to (c), so that the total haze and the inner haze are low. thereby allowing 
the transparency to be high-grade. Additionally, the high gloss effects the sufficient shine. 

The soft transparent polyolefin resin sheet 11 having the aforementioned properties (a) to (c) can be produced by 
the producing method according to the present invention. 

5 

Experiment 40 

Referring to the sixth embodiment, the fol towing is the specific conditions in the producing method. 
Diameter of the extruder ... 90 mm, the width of the T-die ... 800 mm. 
10 Materials of the elastic member ... silicone mbber, the thickness ... 10 mm, the hardness ... 30 degrees. 

Processing speed of the sheet ... 16 m/min.. 

Surface temperature of the roller and the endless belt that is on contact with the sheet ... 15 °C. 
Polypropylene type thermoplastic elastomer ... IDEMITSU TPO E-2900 (trade name, made by Idemitsu Petro- 
chemical Co., Lid.), 85 wl%. 

15 Ethylene-vinyl acetate copolymer resin ... ULTRATHEN 630 (trade name, TOHSO Corporation), 15wt%. 

Thickness of the resin sheet ... 0.2 mm. 

Experiments 41 and 42 

20 In the producing method of Experiment 40, the resin sheet 11 Is fabricated by changing the compounding propor- 

tions of the materials of the sheet as described befc>w. The conditions for producing are as in the case of Experiment 1 . 

More specifically, the compounding proportion in Experiment 41 Is the above elastomer of 70 wt%, and the above 
compolymer resin of 30 wt%- In Experiment 42, the above elastomer is 95 wt% and the above copolymer resin is 5 wt%. 

25 Experiments 43 to 45 

In the producing method of Experiment 40, the resin sheet 11 Is fabricated by changing the specific examples and 
the compounding proportions of the raw materials of the sheet as described below 

Here, ULTRATHEN 631 (trade name, made by TOHSO Corporation) as copolymer resin is used. In Experiment 
30 43, the elastomer Is 85 wt%, and the copolymer resin Is 15 wt%. 

In Experiment 44, the elastomer is 70 wt%, and the copolymer resin is 30 wt%- In Experiment 45, the elastomer 
Is 95 wt%, and the copolymer resin Is 5 wt%. 

Experiments 46 to 48 

35 

In the producing method of Experiment 40, the resin sheet 11 Is fabricated by changing the specific examples and 
the compounding proportions of the raw materials of the sheet as described below. 

Here, ULTRATHEN 634 (trade name) as copolymer resin Is used. In Experiment 46, the elastomer is 85 wt%, and 
the copolymer resin is 15 wt%. 

40 In Experiment 47, the elastomer Is 70 wt%, and the copolymer resin is 30 wt%. In Experiment 48, the elastomer 

Is 95 wt%, and the copolymer resin is 5 wt%. 

Experiments 49 to 51 

45 Concerning the producing conditions, the hardness of the elastic member is changed into 60 degrees from the 

value of Experiment 40. The other conditions for producing are the same as in Experiment 40. The materials of the 
sheet which are used here are described below. 

In Experiment 49. the raw materials of the sheet are the same as in Experiment 40. 

— In Experiment 50,-the raw materials of the sheet are the same as in Experiment 43.^ ' 

50 In Experiment 51 , the raw materials of the sheet are the same as in Experiment 46. 

Comparisons 9 to 1 3 

In Comparisons 9 and 10, the resin sheet is fabricated by the conventional touch roll sheet forming method in 
55 which a cooling roller is used. The temperature of the cooling roller is 30 "C. 

In Comparison 9, ULTRATHEN 634 (trade name) is used instead of the copolymer resin used in Experiement 50. 
The elastomer Is 70 wt%, and the copolymer resin is 30 wt%. 

In Comparison 10, IDEMITSU PP F-205S (trade name) as polypropylene is used instead of the elastomer. EG- 
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8200 (trade name, made by DOW CHEMICAL Company) as an ethylene-octane-1 cx>polymer is used instead of the 
copolymer resin. IDEMITSU PP F-205S Is 90 wt%. EG-8200 is 10 wl%. 

In Comparisons 11 and 12, the resin sheet 11 is fabricated as the case of Experiment 1, but the compounding 
proportions of the materials of the sheet is changed as follows. 

In Comparison 11 , the elastomer is 97 wl% and the copolymer resin is 3 wt%. In Comparison 12, the elastomer is 
60 wt% and the copolymer resin Is 40 wt%. 

In Comparison 13, the hardness of the elastic member in the conditions for producing is changed to 1(K) degrees 
from the value of Experiment 40. The other conditions for producing and the materials of the sheet are the same as in 
Experiment 40. 

Evaluations concerning properties 

The resin sheets that are obtained in aforementioned Experiments and Comparisons are measured as to haze 
(cloudiness), gloss (shine), and a power loss factor (a dielectric loss tangent) tanS. The results are shown In Figs. 10 
and 11. 

The haze is measured in conformity with ASTM D1003. 
The gloss is measured in conformity with ASTM D2457. 
The tan5 is measured at 1 MHz. 



Table 10 





Materials & compounding property (wt%) 


Haze (%) 


Gloss (%) 


tan5 


E40 


E-2900 (85)/Urtrathen 630 (15) 


2.5 


135 


6.0X10^ 


E41 


E-2900 (70)/Urtrathen 630 (30) 


3.0 


135 


BOX 10-3 


E42 


E-2900 (95)/Ultrathen 630 (5) 


2.5 


135 


4.0 X 10-3 


E43 


E-2900 (85)/Ultrathen 631 (15) 


3.0 


135 


8.0X10-3 


E44 


E-2900 (70)/Ultrathen 631 (30) 


3.0 


130 


1.0 X 10-2 


E45 


E-2900 (95)/Ultrathen 631 (5) 


2.5 


135 


6.0 X 10-3 


E46 


E-2900 (85)/Ultrathen 634 (15) 


3.5 


130 


1.0X10-2 


E47 


E-2900 (70)/Ultrathen 634 (30) 


5.0 


130 


2.0 X 10-2 


E48 


E-2900 (95)/Ultrathen 634 (5) 


3.0 


135 


8.0X10-3 


E49 


E-2900 {85)/Ultrathen 630 (15) 


2.5 


135 


6.0X10-3 


E50 


E-2900 (85)/Ultrathen 631 (15) 


3.0 


135 


8.0 X 10-3 


E51 


E-2900 (85)/Ultrathen 634 (15) 


3.5 


130 


1.0X10-2 



Table 11 





Materials & compounding property (wl%) 


Haze (%) 


Gloss (%) 


tan5 


C9 


E-2900 (70)/Ultrathen 634 (30) 


10.0 


80 


2.0 X 10-2 


CIO 


F-205S (90)/EG-8200 (10) 


15.0 


95 


1.0 X 10-3 


C11 


E-2900 (97)/Ultrathen 630 (3) 


2.5 


135 


1.0 X 10-3 


C12 


E-2900 (60)/Ultrathen 630 (40) 


10.0 


100 


1.0X 10r2 


C13 


E-2900 (85)/Ultrathen 630 (15) 









From Table 1 0, according to Embodiments 40 to 51 , it is concluded that the resin sheet 11 , which is extruded from 
the extruder by using a polypropylene type thermoplastic elastomer and an ethylene^^inyl acetate copolymer resin (5 
wt% to 30 wl%) as the raw materials, is cooled in the producing apparatus, so that the obtained resin sheet 11 has the 
adequate transparency by reason of the low haze and the effective shine by reason of the high gloss. 

Additionally, a polypropylene type thermoplastic elastomer is contained, so that the power loss factor Is large, 
thereby improving the ability of the high-frequency heating. 
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From Table 11 , according to Comparison 9, the resin sheet is fabricated by using the same materials as in Exper- 
iments, but by the touch roll sheet forming method, so that the obtained resin sheet has the inferior transparency by 
reason of the high haze and the substandard shine by reason of the low gloss. 

According to Comparison 10, the resin sheet is fabricated by the touch roll sheet forming method, so that the high 
5 haze in the obtained resin sheet causes the transparency to be low-grade and the low gloss causes the shine to be 
dulL Additionally, a polypropylene type thermoplastic elastomer is not used for the sheet, so that the power loss factor 
is extremely low, thereby little providing effective in the high-frequency heating. 

According to Comparison 11 , the content of an ethylene-vinyl acetate copolymer resin is below the range relating 
to the present invention, so that the power loss factor is extremely low, thereby little providing effective in the high- 
10 frequency heating. 

According to Comparison 12, the content of an ethylene-vinyl acetate copolymer resin exceeds the range relating 
to the present invention, so that the haze is high and the transparency results being substandard, additionally the gloss 
is low and The shine results being inferbr 

In Comparison 13, the hardness of the elastic member excels the range defined for the present invention, so 
15 that the elastic force is tow. Therefore, resin banks are produced when the resin sheet is cooled, with the result that 
the sheet having a smooth and high-quality appearance cannot be obtained. 



Claims 

20 

1. A soft transparent polyolefin resin sheet comprising, as a major volume fraction thereof, a non-crystalline resin, 
the sheet having: 

(a) an elastic modulus in tension in the range from 20 MPa to 1 ,000 MPa; 
25 (b) a surface-roughness Ra of at least one of faces of the sheet being less than 0.2 pm, 

wherein any foreign substances present in the sheet having a refractive index different to the refractive index 
of the non-crystalline resin have a length of less than 1 0 ^im, and are present in an amount of less than 500 foreign 
substances/mm2 of sheet. 

30 

2. A soft transparent polyolefin resin sheet according to claim 1, which comprises a multilayered structure, at least 
one of outer faces of the multilayered structures being made of a hard polypropylene type resin. 

3. A soft transparent polyolefin resin sheet according to claim 1 , wherein the soft transparent polyolefin resin sheet 
35 is formed by a bw-stereoregular polypropylene type resin having a ratio of mmmm (a value of PI) ranging from 50 

% to 90 % in a pentad ratio measured by using ^^C-NMR with respect to stereoregularity of homo-polypropylene. 

4. A soft transparent polyolefin resin sheet according to claim 3, wherein a value of rrrr/(1 -mmmm) of the low-stere- 
oregular polypropylene type resin ranges from 15 % to 50 %. 

40 

5. A soft transparent polyolefin resin sheet according to claim 3, wherein the low-stereoregular polypropylene type 
resin consists of a boiled heptane insoluble polypropylene type resin (from 50 wl% to 95 wt%) having the limiting 
viscosity ranging from |ji]0.5 dl/g to bi]9 0 dl/g, and a boiled heptane soluble polypropylene type resin (from 5 wt% 
to 50 wt%) having the limiting viscosity of more than I>i]1 .2 dl/g. 

45 

6. A soft transparent polyolefin resin sheet according to claim 1 , wherein the soft transparent polyolefin resin sheet 
is formed by an ethylenepropylene random copolymer (ethylene content ranging from 5 wt% to 30 wl%). 

7, — A soft transparent polyolefin resin sheet according to claim 6, wherein the proportion of ethylenepropylene random 

so copolymer in that a unit PPEP composed of continued four elements of ethylene (E) and propylene (P) has a 

racemic configuration for a continued part of PP is extremely small. 

8. A soft transparent polyolefin resin sheet according to claim 1 , wherein the soft transparent polyolefin resin sheet 
is formed from a non-crystalline butene-1 -propylene copolymer. 

55 

9. A soft transparent polyolefin resin sheet according to claim 1 , wherein the soft transparent polyolefin resin sheet 
is formed from a compound of a non-crystalline butene-1 -propylene copolymer and polypropylene. 
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10. A soft transparent polyolefin resin sheet according to claim 1, wherein the soft transparent polyolefin resin sheet 
is formed from a propylene-Gthylene-butene-l copolymer 

11. A soft transparent polyolefin resin sheet according to claim 1, wherein the soft transparent polyolefin resin sheet 
is formed from a compound of a propylene-ethylene-butene-1 copolymer and polypropylene. 

12. A soft transparent polyolefin resin sheet according to claim 1, wherein the soft transparent polyolefin resin sheet 
contains a reactor blending type ethylene-propylene copolymer elastomer 

13. A soft transparent polyolefin resin sheet according to claim 1, wherein the soft transparent polyolefin resin sheet 
contains a reactor blending type ethylene-propylene-butene-1 copolymer. 

14. A soft transparent polyolefin resin sheet according to claim 1, wherein the soft transparent polyolefin resin sheet 
is formed from at least one selected from an ethylene monopolymer and an ethylene-a-olefin copolymer 

15. A soft transparent polyolefin resin sheet according to claim 14, wherein the ethylene monopolymer is at least one 
selected from a high-pressure-produced tow-density polyethylene and a low-pressure-produced low-density pol- 
yethylene. 

16. A soft transparent polyolefin resin sheet according to claim 14, wherein the ethylene-a-olefin copolymer is at least 
one selected from a Ziegler-Natta catalyst type linear low<lensity polyethylene, a metallocene catalyst type linear 
low-density polyethylene, and an ethylene-octane copolymer having long branching in a main chain polymerized 
by using C. G. C. T (Constrained Geometry Catalyst Technology). 

17. A soft transparent polyolefin resin sheet according to claim 2, wherein the outer face is resin selected from homo- 
polypropylene, an ethylene-propylene random copolymer (ethylene content ranging from 0. 1 wt% to 1 0 wl%), and 
an ethylene-butene-propylene random copolymer (ethylene and butene content ranging from 0.1 wt% to 10 wt%). 

18. A soft transparent polyolefin resin sheet comprising a soft polypropylene type resin. 

19. A soft transparent polyolefin resin sheet according to claim 18, wherein the soft transparent polyolefin resin sheet 
is compounded with a hydrogenated styrene-butadiene mbber of a range from 2 wt% to 30 w%. 

20. A soft transparent polyolefin resin sheet according to claim 18, wherein Vne soft transparent polyolefin resin sheet 
is compounded with an ethylene-ctolefin copolymer of a range from 2 wl% to 30 wt%. 

21. A soft transparent polyolefin resin sheet according to claim 18, wherein the soft transparent polyolefin resin sheet 
is compounded with an ethylene octane copolymer of a range from 2 wt% to 30 wt%. 

22. A soft transparent polyolefin resin sheet, comprising: a polypropylene type thermoplastic elastomer; and an eth- 
ylene-vinyl acetate copolymer resin. 

23. A soft transparent polyolefin resin sheet according to claim 22, wherein the content of the ethylene-vinyl acetate 
copolymer resin ranges from 5 wt% to 30 wt%. 

24. A method for producing a soft transparent polyolefin resin as defined in any of claims 1 to 23, which uses apparatus 
comprising a cooling roller, a metallic endless member designed to abut through the resin sheet to the cooling 
roller, and an elastic member placed under a face of the metallic endless member at a place where the resin sheet 

is guided between the cooling roller and the metallic endless member, the method comprising the steps of: 

guiding the soft transparent polyolefin resin sheet, in a molten state, between the cooling roller and the metallic 
endless member so that the resin sheet simultaneously touches both the cooling roller and the endless member 
in contact with the cooling roller; and 

aerially pressuring and cooling the soft transparent polyolefin resin sheet while the elastic member is being 
elastically deformed. 

25. A method according to claim 24, wherein the metallic endless member is wound on at least two rollers; 

and wherein the elastic member is fomned on the outer circumferential surface of the cooling roller of the 
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rollers wound with the metallic endless member 

26. A method according to claim 24, wherein one of the metallic endless member is wound on the cooling rollers to 
run with the other metallic endless member In parallel the soft transparent polyolefin resin sheet is guided in a 

s molten state between the metallic endless members so that the resin sheet simultaneously touches both the end- 

less members, and the soft transparent polyolefin resin sheet is aerially pressured and cooled while the elastic 
member is being elastically deformed. 

27. A method according to claim 24, wherein the elastic member is fomned on the outer circumferential surface of the 
10 roller; and wherein the metallic endless member is cylindrically formed on the outer circumferential surface of the 

elastic member. 

28. A method for producing the soft transparent polyolefin resin sheet according to claim 24, wherein the temperature 
of the cooling roller and the metallic endless member in direct contact with the resin sheet ranges from the dew 

15 point to 50 °C. 

29. A method according to claim 24, wherein the areal pressure when the resin sheet is aerially pressured with the 
elastically defonnned elastic member ranges 0.1 MPa to 20.0 MPa. 

20 30. A method according to claim 24, wherein the elastic member has a hardness (adherence to JIS K6301 type) of 
less than 95 degrees. 

31. A method for producing a soft transparent polyolefin resin sheet as defined in any of claims 1 to 23, which uses 
apparatus having a water tray formed with a slit for flowing a cooling water, a water tank placed under the water 

25 tray, and a pair of rollers for pressuring, located to be at least partially soaked in water of the water tank, the method 

comprising the steps of: 

cooling the soft transparent polyolefin resin sheet, in a molten state, with the cooling water while the resin 
sheet is being passed through the slit; and 
30 guiding the soft transparent polyolefin resin sheet through between the pair of rollers for pressing into the 

water of the water tank. 

f 

32. A method according to any of claims 24 to 31 , which further comprises subjecting the soft transparent polyolefin 
resin obtained to an annealing treatment. 

35 
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